Unlike previous decades where enterprises prized independence, the next decade will be one of business alliances and competing, end-to-end value chains. Enterprise value chains comprised of powerful business alliance partners will exceedingly compete as single entities for customers. Such extended corporations reach out not only with business relationships; they must integrate their business processes and information systems. In this paper, we review the business and technological requirements of modern extended organizations and explain how adaptive business objects and controlled interoperability are the key enabling technologies to the challenge of integrated value chains. q
Introduction
To cope with market demands and changes and maintain their competitive advantage, forward-thinking companies try to find new ways of working together with partners to provide customers with a range of services that knot together so seamlessly that they amount to more than the sum of their parts. As a consequence, businesses increasingly integrate their value chains by redesigning their structures to ) Corresponding author. Tel.: q31-13-466-3020; fax: q31-13-466-3069.
Ž . E-mail addresses: mikep@kub.nl M.P. Papazoglou , Ž . p.m.a.ribbers@kub.nl P. Ribbers , afrodite@di.uoa.gr Ž . A. Tsalgatidou . move from hierarchical -with a focus on management control -to horizontal organizations -built around business processes, teamwork and empowerment. However, new patterns of cooperation between trading partners are necessary to successfully respond to new market demands. The concept of supply chain refers to the chain of activities, executed by two or more separate organizations, to fulfill customer orders. A supply chain that is fully customized will start its operations after customers place w x their orders. Jarvenpaa and Ives 16 call this 'thinking in reverse', meaning that organizations should base their production on actual customer demand rather than producing on stock. Several cases are presented in the literature of how supply chains have been redesigned to become more pro-active towards w x the customer. As an example, Ref. 17 describes the ( )cases of Compaq and Benton to illustrate how they have established cooperative strategic partnerships to become more pro-active towards the demand of customers. w x In dynamic network organizations 27 quick build-up and dismantling of inter-organizational relationships is a pre-condition for success. In this kind of structure, each organization will focus on a limw x ited number of core competencies 15 . Each organization ultimately concentrates on those areas where it may have a unique competitive advantage; others are outsourced and bought in the market. Concentrating on a limited number of activities offers the possibility to stay lean and mean, and thus avoid unnecessary overhead. This requires that all partners keep a clear view of the coherence of the total system of competencies within the network. All actors should have an insight as to where and how value is created and what contribution they can make w x based on their own competencies 42 .
An encompassing concept is emerging nowadays: the integrated Õalue system. Value system integration can be defined as the process by which multiple enterprises within a shared market segment collaboratively plan, implement and manage the flow of goods, services and information along the value system in a way that increases customer-perceived value w x and optimizes the efficiency of the chain 8 . Company value chains are transformed into integrated value systems if they are designed to act as an Aextended enterpriseB, creating and enhancing customer-perceived value by means of cross-enterprise collaboration. The concept of integrated system is expected to have major impact, allowing companies and ultimately customers, to benefit from reduced inventories, cost savings, improved value added goods and services to customers, and tighter links with business partners.
What is the role of IT in all of this? The application of various information-based technologies is both the cause and the effect of new ways to do business. The convergence of IT and telecommunications, and the availability of bandwidth supports and enables new organizational designs. The networked organization, linkages of supply chain partners and alliances exploiting uniquely grouped core competencies are all supported or enabled by modern IT. From a technology perspective, integrated value systems require a fully integrated framework and infrastructure support to provide access throughout the entire chain. Moreover, this type of universal access must be both transparent and adaptive. This raises a number of challenges, which must be addressed before integrated value systems become a reality. The combined business and technology-driven requirements, listed below, are four key driving forces that would enable successful development and deployment of integrated value system applications.
New business models: Integrated value-chain organizations seek to streamline their processes and improve customer service through greater connectivity between both business processes and key operational systems. An important business objective of strategic alliances with suppliers, channel partners and service providers is to eliminate supply chain discontinuities that produce delays and waste. Enterprises can only become an effective link in a leading value chain by re-conceptualizing the company as a collection of business operations and processes, by reshaping corporate structures around modern business processes and by making their internal processes align with and support the integrated value chain. This requires that new business models are created to offer a new way to deliver value to customers. New business models are needed and currently emerging.
Cross-enterprise interoperability: Another important requirement is that integrated value chains take advantage of existing and emerging technologies and systems that can be used to link and enable the entire value chain. Information systems play a major part in this drive for competitive edge as their interoperation allows business allied partners to use information much more effectively in the rapid delivery of goods and services to customers. The foundation of this barrier-free environment is interoperability: the ability of one system to process information from and to another at a syntactic and semantic level without requiring either system to make changes to accommodate the other. Thus, improved business processes and interoperability are core requirements critical to the success of integrated value chain.
Change management: In addition to improved business modeling and interoperability, it is important to make sure that critical applications are not obstacles to new ways of conducting business. Elec-tronic commerce applications and the new frontier of customer interaction require that system incompatibilities be overcome and that business processes and information systems not only harmonize but also jointly support the ability to react quickly to new opportunities. This requires primarily that business processes are flexible and adaptable to handle changing business needs. Such issues focus attention not only on the need to gracefully accommodate process changes but also on how to synthesize a business process out of fragments, some of which may leverage legacy assets.
Organization infrastructure: The organizations of today are confronted with the problem on how to strike a balance between local needs for different systems and overall needs for connectivity and share-ability of data and applications. Extreme decentralization of application of IT will hamper business developments towards process oriented and flexible network structures. Attempts to centralized development of IT in Aone fits allB type of applications will be costly to develop and will result in systems, which will not support individual business requirements. The solution to this problem is currently sought in a distinction between local information systems and information infrastructure.
This paper provides an overview of the business and technology considerations, as well as infrastructural support, that are required to enable the transition of organizations from relative independence and functionally oriented business thinking, and traditions, to integrated value chains. We first discuss five representative types of business models and then we introduce business objects and core business processes as the enabling technology for integrated value systems. Subsequently, we examine the impact of the integrated value systems to business processes and workflows and we discuss business interoperability at the cross-enterprise level. Finally, we examine the major factors that drive this transition in some detail.
New business models
Global competition, technology advancements, industry deregulation and increasing customer expectations are only a few factors that are placing unprecedented demands on business enterprises. Success in today's virtual marketplace will depend on creating networks of cross-industry partners to provide products and services related to the customer's basic needs. In order for companies to be successful, they need to evaluate innovative new strategies that capitalize on both the power of the Internet and the changes in market demands. It is becoming increasingly evident that yesterday's business models, techniques, structures and philosophies are becoming irrelevant in responding to global market requirements. Thus, it is not surprising that many businesses are forced to rethink their on-line business strategies and their business models. Businesses hoping to expand their activities onto the Internet are re-engineering or refining their products and services in order to take advantage of the new opportunities, as well as face the new challenges, of the medium.
Over the past two decades, businesses had to adapt and transform their organizations. A number of change models have been introduced and tried during that time, but at best, they produced incremental improvements on the AfringesB with marginal bottom line results. Many involved change strategies that launched several change initiatives within the organization simultaneously, each narrowly focused on specific aspects of the organization with little or no pre-planning and coordination. This approach tries to change the organization's parts but ultimately results in sub-optimizing the whole system for marginal bottom line performance. Constant change is now pushing into the very core of many corporations with corresponding new business models emerging from the way in which organizations and people work together. Any initiative to transform or change an enterprise must consider how that particular enterprise operates as an integrated whole, and its relationships with its suppliers, business partners and customers.
Most traditional seller-or product-driven businesses create value primarily at the product or lineof-business level. In contrast to this, the integrated value-chain business model is customer-centric, where value is created at the relationship level across products and channels rather than at the individual product level. One important area of focus in the customer-centric model is on bundling different products and services within the same industry to ( )create solutions. Many companies are adopting a customer-centric business model, becoming more responsive to and developing deeper relationships with customers. Relationships with suppliers, partners and customers need to be mediated almost exclusively using Internet technology, and the integration possible is becoming deeper, broader and more seamless than was ever deemed possible. Processes and value chains are evolving rapidly as companies outsource non-core activities and capabilities, leading to more sophisticated markets and a wider distribution of economic activity, i.e. the way we do business is undergoing a period of rapid change.
We can distinguish between five representative types of business models, which are typical of most common modern IT-based business organizations that engage in electronic commerce practices. These include:
1. the teleworking model; 2. the virtual organization model; 3. the collaborative product development model; 4. the process outsourcing model; and 5. the value-chain integration model.
Teleworking model
In the teleworking model, large number of individuals or groups work together collaborating with the assistance of networking and communications technologies. A classical example of the teleworking model is telemedicine which has become a businessrtechnicalrhuman paradigm for the transmission of health related information or services which may span university medical centers, hospitals, provider groups, clinics, doctors and nurses, finanw x cial and insurance specialists 14 . For example, telemedical services can be delivered by collaborating with a radiologist from a remote site over specialized medical infrastructure or providing psychological consulting services to remote clinics or prisons from the medical office.
Virtual organization model
Effective contracting for complementary capabilities through a network of suppliers and subcontracw x tors is a characteristic of virtual organizing 38 . A virtual organization may be a temporary or permanent collection of geographically dispersed individuals, groups, organizational units, which do not necessarily belong to the same organization, or entire organizations that depend on electronic linking to complete the production process.
Organizations like Amazon.com are classical types of this model. Onsale is another example of such a Ž . model. Onsale http:rrwww.onsale.com have successfully created a market-space for not only selling on-line, but also exploited organizational opportunities afforded by emerging technologies, by building a truly virtual organization where inventory is minimal, geographical proximity is not a major issue, and information and partnering are of paramount importance. Onsale is an on-line auction house which sells computers, chips, peripherals and other computer related add-ons through the Worldwide Web. With knowledge and information around the on-line auctioning process being its primary resources, the relatively small company gains significantly in size and functionality by partnering with other organizations and outsourcing non-essential activities.
Process outsourcing model
Nowadays, organizations are starting to realize they can interact with customers, partners and suppliers, exchanging and leveraging knowledge in addition to undertaking transactions. Facilities that were once central to the business are now outsourced. Process outsourcing is the delegation of one or more business processes to an external provider who owns, manages and administers the selected processes.
For example, take Ford Motor who decided that the manufacture of cars will be a declining part of its business and instead they will concentrate in future on design, branding, marketing sales and service operations. Like all modern carmakers, Ford has outsourced the supply of entire sub-systems -from engines and suspension assemblies to car interiors. In such situations, suppliers application systems are Ž . automatically kept abreast of requirements via EDI .
CollaboratiÕe product deÕelopment model
A classical example of a collaborative product development model is that used by Ford. Ford re-( )cently launched the AFord 2000 programB aimed to make Ford a truly global company, that could centralize the development of global product categories that would be customized to meet the demands of w x local markets 11 . The company's central goals for this program were threefold. Firstly, a company-wide reorganization that established vehicle centers to take responsibility for the developments of a given class of vehicles and to design, engineer and test new technologies. Secondly, the shortening of new car development times through vertical and horizontal integration as well as by reducing the variety of parts that go into its vehicles. And finally, identification of the aspects of any car model that can be developed commonly and those that are best customized for a given market.
Central to the new organization structure and product development processes was the need to coordinate disparate product development activities. This called for flexible information systems and an application for managing and transmitting design documents across various Ford Centers around the world. Installing such systems quickly meant a move away from the company's traditionally heavy use of inhouse developed mainframe systems to more agile packaged client-server software and platforms.
Value-chain integration model
Value-chain integration uses Internet technology to improve communication and collaboration between all parties within a supply chain. Value-chain integration is necessary if vendors are to coordinate between AupstreamB suppliers, internal operations Ž . e.g. manufacturing processes , and AdownstreamB shippers and customers effectively. With this model, processes once perceived as internal to the company must now span the entire value chain. Effective service providers integrate their operations directly into the processes of their customers.
With this model, every company in the chain performs a set or sequence of activities to produce its products. The links between those activities provide a prime opportunity for competitive advantage, whether due to exceptional efficiency or some form of product differentiation. This chain of partners that work in sequence to create, market and move goods and services grows even more complex. For example, take SouthWest Airlines, which have as strategic partners not only the Boeing with all of their aircraft, but also General Electric, which makes the engines that Boeing uses. In addition, the airline has partners including jet fuel makers, travel agents, long-distance vendors and computer hardware and software markets in its value chain.
Based on the sorts of intimate trading relationships central to the integrated value-chain model, modern business partnerships are eradicating duplication, irrelevant hand-offs and rework, ensuring that processes run smoothly and effectively.
It is evident that these new business models have certain implications on business processes of individual organizations as the latter have to cope with this transition to a multiple enterprise environment. Business processes have to be redesigned as they now cross organizational boundaries and integrate other homogeneous andror heterogeneous processes and services of diverse organizations in order to collaboratively achieve the desired result. The following section discusses how business objects can be used as the underlying technology in an integrated enterprise framework for enabling the required business process interoperability in a value-chain integration Ž model. It examines three approaches global, multiple homogeneous and multiple heterogeneous busi-. ness process approach used for realizing crossorganizational business processes.
Enabling technologies: business objects and processes
Business objects are the key building block in the Ž . re-engineered process-oriented enterprise as they can realize domain business processes and default business logic that can be used to start building applications in these domains. Business objects provide pre-assembled business functionality that can be used to bring together and customize applications. They provide a natural way for describing application-independent concepts such as customers, products, orders, bills, financial instruments and temporal information, such as a quarterly earnings period or annual tax cycle. Business objects add value to a ( )business by providing a way of managing complexity and giving a higher level perspective that is w x understandable by the business 25 .
Business objects package together essential business characteristics such as business procedures, policy and controls around business data. This creates a semantic construct that holds together in a coherent unit the right business policy with the right data and ensures that the data is used in a manner consistent with the business intent. We can separate business objects in two broad categories: conventional business objects, already described in the preceding paragraph, and business process objects. Business pro-Ž . cess objects are a kind of active or control objects that bring together business objects to define a business process. They are characterized by a set of interrelated activities that collectively accomplish a specific business objective, possibly, according to a set of pre-specified policies. A business object is a data with behavior, while a business process object Ž . henceforth referred to as business process operates on business objects, i.e. it changes their states and coordinates their interactions. Business processes interact in a predictable, repeatable manner to produce a recognized business activity of generic nature in a specific business domain, e.g. procurement management, general ledger, etc. Business processes are initiated by events that trigger activities in the orgaw x Ž . nization 6 . These events can be internal e.g. rules Ž . or external e.g. customer requests . The business processes are initiated on the basis of an incoming Ž . event e.g. a customer request and result in an Ž outgoing event e.g. the notification that a product is . ordered .
Business processes provide the basic ingredients that can be specialized and extended to capture domain or application specific processes -within a particular vertical domain, e.g. financial, manufacturing -which are realized by a workflow. Workflow management systems support the definition, execution and controlling of the business processes. Workflow applications rely on an extensive foundation of reusable components, viz. the core business processes that form the basis for building new applications. Workflow support for integrated value chains should provide the infrastructure to allow business processes to cooperate and execute distributively across enterprise boundaries. Workflow components will necessary be disparated, they will either be adapted from existing proprietary workflow products or will be newly developed specifically for the distributed business infrastructure.
The integrated enterprise framework
The new business objectives demand an integrated framework and infrastructure. To meet the requirements of modern organizations, and get better reuse from software, distributed business object comw x puting is the preferred solution 25 . Distributed object computing blends together the power of clientr server computing and object-oriented development by distributing clients and servers, in the form of cooperating objects, across an integrated value-chain network. The whole concept of distributed computing can be viewed as simply a global network of cooperating business objects. Furthermore, mission critical legacy systems can be AwrappedB and participate in the distributed object environment. Fig. 1 illustrates an integrated value-chain enterprise framework for modeling business applications and for developing and delivering enterprise solutions. This enterprise framework consists of business components, processes and workflow applications defined within a specific AverticalB industry, or across such industries. The integrated enterprise framework in Fig. 1 provides a base for the effective encapsulation of business practices, policies and tactics in modular high-level components. The integrated enterprise framework, described in this section, has been largely influenced by similar enterprise architectures that can be found elsewhere in literature: w x such as the CommerceNet architecture 26 and San w x Francisco 1 . In this sense, the terms business objects and business processes are slightly different from those proposed by the OMG.
The highest two layers in the enterprise framework provide the core business process objects and workflow applications that can be easily combined and extended to offer a complete cross-organizational business solution. In particular, the purpose of the workflow layer is to allow disparate workflow applications to interoperate over enterprise-wide networks and deliver consistent workflow functionality. For example, an order activity in a production plan- ning process may start an appropriate order entry process at a closely aligned parts supplier. This type of cooperation can only be achieved if the workflow systems of the cooperating companies are loosely coupled. This results in the elimination of supply chain discontinuities that produce delays and waste. Distributed workflows use functionality provided by business process and objects and are normally built w x on a distributed object network infrastructure 32,37 , such as that provided by the middleware infrastructure layer. At the next level, business objects can be used as a basis for building business process solutions. Although interoperation in this environment is achieved mainly at the workflow and business process level, cross-enterprise applications may script together business objects from different organizations. This allows business objects to effectively Ž . reuse legacy systems in the form of legacy wrapped objects. In this way, legacy systems that are critical to business objectives can participate in the distributed object environment. The lowest layer provides the infrastructure and services that are required to built industrial-strength applications by supporting the functionality of the workflow, business process and business objects layers.
It is noted that the notion of 'Core Business Processes' in the proposed Integrated Enterprise Framework is different from the notion of 'Business Process Models' used by current Business Process Ž . w x Modeling Tools BPMTs , such as ARIS 3 or the w x Workflow Analyzer by Metasoftware 45 . Their main difference lies in their intended use: BPMTs intend to produce business process models in order to understand and describe how a business work, and in order to simulate business process behavior for demonstration purposes. Their purpose is to detect Ž . deficiencies andror validate the re designed business process before proceeding to its implementation. Core Business Processes herein have a different intended use. They intend to provide the basic ingredients for implementing business process applications in a distributed environment by encapsulating behavior and data that can be further specialized and extended in order to capture the requirements of a real-world business process in a specific domain. We are currently investigating how business process models produced by current BPMTs can drive, on one hand, the identification of appropriate business objects and, on the other, the selection of appropriate Core Business Processes and respective required specializations or extensions. In this way, better workflow applications can be realized that satisfy the requirements of real-world environment captured in business process models.
Integrated Õalue chains and business processes
Integrated value chains is the result of strategic alliances between business partners for achieving competitive advantage. Such strategic alliances require outsourcing or redesigning the business processes of the partners. Therefore, the impact of integrated value chains on business processes should not be underestimated. As an example of a business process that is typically outsourced, consider the Aassessment of damagesB subprocess of an insurance company. Typically, there are multiple loss adjusters that assess damages in insurance claims, i.e. perform ( )outsourced Aassessment of damagesB processes. Similarly, the logistical processes of a company are often outsourced to incorporate new business solutions, such as just-in-time inventory systems or quick response products for inventory management. Alternatively, such processes may be redesigned to eliminate the invoice subprocess and incorporate EDI transactions in the requisition management and so on. Therefore, the critical core competency that will allow organizations to achieve competitive advan-Ž . tage is their ability to rapidly re design not just a product or a service but their business processes and the whole supply chain that supports them.
The requirements of these business processes, which usually cross organizational boundaries, are different from traditional business processes. On the other hand, SWAP and WMF have proposed variants of a proxy mechanism that provide access to specific activities located in a different enterprise. However, these interfaces contribute only in crossing vendor boundaries but not organizational ones.
Currently, we can identify three approaches that Ž . can be used for the re design of cross-organizational business processes, as is the case with processes in integrated value chains:
1. the global business process approach, 2. the multiple homogeneous process approach and 3. the multiple heterogeneous process approach.
These are examined in the following. In order to better demonstrate the characteristics and differences between theses approaches, we will use an example of a company A that assemblies and sells PCs to its customers and outsources the distribution of the PCs to another company B. Thus, company A is the 'requester' organization since it requests from B the distribution of its products while company B is the 'provider' organization since it provides the distribution service to A.
Global business approach
With this approach, the problem of process Ž . re design is tackled by assuming that there is a single global process that is further decomposed into subprocesses and sub-activities performed by different players in the integrated value chain. This approach also assumes that all entities and organizations that participate in a strategic alliance have agreed that they will fully support this global process. Using the aforementioned example, in this approach, there is a global business process model that captures and models all related activities including distribution. Both the 'requester' and the 'provider' companies A and B are fully aware of the details of this process model and have agreed which parts will be executed by whom. In other words, the 'requester' and the 'provider' companies have not only agreed upon the result of the requestedrprovided service, but also on how this is going to be achieved. Centralized workflow management is used for the implementation of such an approach.
A representative example in this approach is the w x work by Malone et al. 24 . They have developed a process handbook that can be used to invent radically new processes, to improve existing business processes, to share ideas about organizational practices and to develop software. Their approach also includes:
1. the notion of 'process specialization' based on ideas about inheritance from object-oriented programming, and 2. concepts about 'managing dependencies' from coordination theory. Ž The combination of process decomposition a ba-. sic feature of any process description with specialization and coordination is very helpful for analyzing a single process in isolation. In their handbook, these concepts are applied also to a collection of processes. This provides a framework for storing a large number of processes and for generating a lot of alternative processes and families of processes modeled after distant cousins and their descendants. Furthermore, using this framework, differences and similari-( )ties among a collection of related processes can be easily expressed. Entering a significant number of process descriptions into the system has tested their approach.
Multiple homogeneous process approach
The usual case in cross-organizational business processes is that the 'requester' and 'provider' entities agree only upon a result but not on how this is going to be achieved. This is left to the provider enterprise, which usually does not want to reveal details about its internal operation. This means that the 'requester' should not know the internal operation of the provider and the provider can be sure that internal organizational or process details are not revealed. This guarantees the independence, autonomy and privacy of the involved parties. Also, changes in one party's internal operation can be done without informing the collaborating parties as long as these changes do not affect the results or the interface agreed. Such requirements of privacy and independence cannot be supported by the 'Global Business Model' approach, since all participants have to agree about one global business process model, and thus they know the parts of the process executed by the other parties and the way they are executed. These requirements are handled by the homogeneous process model approach and the heterogeneous process approaches that support integration of multiple Ž process models either homogeneous homogeneous . Ž process model approach or heterogeneous hetero-. geneous process approach . The implementation of such approaches is by using decentralized workflow management technology.
A representative example of the homogeneous process model approach is the work by Ludwig and w x Whittingham 23 , which addresses the issues of privacy, flexibility and organization independence of participating entities. They propose the Virtual En-Ž . terprise Co-ordinator VEC concept for the setup and management of cross-organizational business processes by using gateways to workflow-enacted processes for other organizations. More specifically, the gateways are used to establish a relationship between a process, enacted in the workflow of one organization and a subprocess of it performed autonomously by another organization on behalf of the first organization. These gateways are configured according to simple agreements on a case-by-case basis or on a process template basis. In this way, VEC enables 'provider' organizations to offer to 'requester' organizations a controlled way of accessing their workflow enacted processes while retaining the freedom to change the internal details of these processes and vice versa. The operations provided by the organization-external gateway interfaces are stanw x dard WfMC 46 operations.
Referring again to the example of the 'requester' company A that assembles and sells PCs, in this approach, there is no global business process model. The main part of the business process is specified and enacted by a workflow application at the 'requester' company A while the distribution service is separately specified and handled autonomously by company B. Communication between the 'provider' and the 'requester' organizations takes place only through standard WfMC operations. Thus, A can 'start' the distribution subprocess at B which will thus enter the 'running' state. A can obtain information about the distribution subprocess only after the latter has been completed or terminated.
Multiple heterogeneous process approach
This approach tries to satisfy further requirements of conversation, control and semantic heterogeneity of requested services. The work by Georgakopoulos w x et al. 12 belongs in this category. In their approach, they enable the integration of any kind of service, i.e. a business process, a CORBA object, or even a legacy system. Interaction with the integrated services is supported not only through standard WfMC operations but also through semantically rich userdefined operations. The model they introduce is Ž . called Collaboration Management Model CMM . CMM achieves these objectives by introducing application-specific activity states and operations, service activities, and service abstractions such as subclasses and integration processes. The capturing of application semantics by process models is very important as it allows the integration of heterogeneous services and processes instead of burying them in some integration program. Most of the existing process models such as those used in many traditional workflow management systems and proxy w x w x mechanisms such as SWAP 39 and WMF 47 provide only the generic activity states and activity 19 that the implementation of a service by a provider is only partially autonomous. Providers declare which activities will support from a global workflow; this is an implicit promise that they will also support the dependencies between the declared activities, therefore, the implementation autonomy is restricted and the autonomy preservation claim does not hold to its full extent.
Using again the same example, we note that the main differences of this approach from the homoge-Ž . neous process model approach are that: 1 the requested distribution service need not be executed by a workflow management system at the site of the 'provider' company B; this can be anything: a subprocess, a legacy system, a computer program etc.
Ž . and 2 the interaction with the requested distribution service is supported not only through standard WfMC w x operations; in Ref. 12 , this is also supported through semantically rich user-defined operations and conversational activities. Thus, the 'requester' company A does not have to wait till the completion or the termination of the distribution activity in order to get results; it can request information about the status of the distribution service while the latter is still executw x ing. In Ref. 19 , notification events are used to inform A about the state of the distribution service, e.g. the parcel with the PC has been loaded on the truck. Furthermore, company A can influence the distribution service being executed at company B by sending control events that cancel, interrupt or speed up the distribution.
Business interoperability at the cross-enterprise level
Workflow technology in integrated value chains manages long-running, process-oriented applications that automate business processes over enterprise-wide networks. The workflow can be perceived as a script prescribing the combination, and subsequent interoperation, of business processes and objects to reach a joint business goal. The approach taken here is to Ž . develop possibly distributed fragments of business process with the relevant application functionality attached. These fragments are then combined on the fly, as required, to suit the needs of each application. Rather than having to compose ever more complex end-to-end offerings, the enterprise can leave it to the application developer to choose those elements that are most appropriate, combining the process fragments into a cohesive whole. At run-time, the workflow management system manages the flow of control and data between the business processes, establishes transaction boundaries around them as defined in the script and makes certain that the proper business process units of the enterprise utilize the services provided by the various business objects.
Workflow-enabled business processes can track transactions across department, company and enterprise boundaries. This type of distributed workflow Ž . layer see Fig. 1 provides the sequence of business activities, arrangement for the delivery of work to the appropriate organizational resources; tracking of the status of business activities; coordination of the Ž . flow of information of inter-and intra-organizational activities and the possibility to decide among w x alternative execution paths 28 . Workflow activities may invoke components from existing applications, Ž . for instance, legacy wrapped objects, and combine them with newly developed applications comprising business objects and policies.
A key activity in integrated value chains is the collection, management, analysis, and interpretation of the various commercial data to make more intelligent and effective transaction-related decisions. Ex-( )amples include collecting business references, coordinating and managing marketing strategies, determining new product offerings, grantingrextending credit and managing market risk. Performance of these tasks requires involving collaborative computing technologies to support distributed workflow processes. The requirements of transactional workw x flows have been described in Ref. 37 . Workflow implementations of business processes can be not only transactional processes, or classical transactions, but also non-transactional processes. Transactions as activity implementations frequently appear when the business model represents one of the core Ž . business processes order entry, etc. of an enterprise. Non-transactional activity implementations are Ž frequently found within support processes travel . expense accounts, etc. .
An area of growing interest for the distributed computing infrastructure in Fig. 1 , which provides conventional support, is the integration of Object Ž . Request Brokers ORBs with Distributed Transac-Ž . tion Processing DTP monitors such as for example, Encina and Tuxedo. DTPs are important to enterprise-wide and cross-enterprise applications in which a business procedure may be broken into a set of processes. DTPs provide an open environment that supports a variety of client applications, databases, legacy systems, networks and communications options. Monitors can support large numbers of users requesting concurrent access to transaction programs and services, e.g. database, security, workflow; balance local and distributed loads to optimize performance; and efficiently synchronize data updates to multiple databases during transaction using standard w x protocols 2 .
Transactions in the business to business electronic commerce are usually long-lived propositions involving negotiations, commitments, contracts, floating exchange rates, shipping and logistics, tracking, varied payment instruments, exception handling and customer satisfaction. Business transactions have two basic distinguishing characteristics. Firstly, they extend the scope of traditional transaction processing as they may encompass classical transactions, which they combine with non-transactional processes. Secondly, they group both classical transactions as well as non-transactional processes together into a unit of work that reflects the semantics and behavior of their underlying business task. In addition to these basic requirements, business transactions are generally governed by contracts and update accounts and may include the exchange of bills and invoices, and exchange of financial information services. As a consequence, business transactions must provide modeling support and mediate communication, interaction, and coordination among collaborating people and business activities within and between organizations. Hence, business transaction characteristics are better addressed by a process-centered approach to transaction management that supports long-lived concurrent, w x nested, multi-threaded activities 20,28,37 .
Business transactions usually operate on document-based information objects such as documents and forms. A document is traditionally associated with items such as manuals, letters, bids and proposals. A form is traditionally associated with items such as invoices, purchase orders and travel requests. Both these media are arranged according to some predefined structure. Forms-based objects are closely aligned with business transactions, which have numerical content, while document-based objects are associated with contracts or bids. This allows business transactions to interchange everything from product information and pricing proposals to financial and legal statements.
Business transactions exhibit two broad phases: construction and enactment. Construction involves the collection of information based on catalogs and brokerage systems to locate sources; agreement leading to terms and conditions through negotiation mechanisms; and engagement resulting in a formal contract. Enactment involves deployment across the group of participants in the transaction; service execution in the context of the contract and management of exceptions; and termination involving validation and closing the contact across all participants. In the world of electronic commerce, traditional database transactions are replaced with long-lived, multi-level collaborations. It is thus not surprising that they require support for a variety of unconventional behaÕioral features, which are summarized in the following: Integrated value chains demand advanced transaction paradigms that relate to their business processes. An important requirement of business transactions which deserves mentioning is business commitments. Business commitments comprise the AglueB that binds businesses and other organizations at their boundaries. A business commitment is the result of an agreement between business parties that may bring about contractual agreements. Business commitments, viz. contracts, mandate certain outcomes that are to be produced by the business. They have a strong recursive element that says that agreements are composed of more granular agreements such as terms, conditions and obligations, viz. conditions of fulfillment and conditions of satisfaction. It is important for a distributed workflow application to be able to express varying types and extents of business commitments. It is therefore convenient, as shown in w x Ref. 43 , to represent such commitments as special purpose transactions including their own semantics and communication protocol. Termination of these contracts may be a long-lived activity as these may include ongoing service agreements with on-line customer service delivery and other complex aspects of overall customer relationship management. Much of the workflow structure and the partitioning of work can be driven by an understanding of the business commitments.
Change management
The new business reality in many industries is dominated by change. As Rowan Gibson puts it in ARethinking the futureB: AThe fact is that the future will not be a continuation of the past. It will be a series of discontinuities. And only by accepting these discontinuities and doing something about them will we stand any chance of success and survival in the w x twenty first centuryB 13 .
Change is directly affecting company competitive agendas. Companies are being squeezed between fundamentally contradictory pressures. Firstly, customers are increasingly enforcing their individual preferences and requirements so that businesses are challenged to tailor their products and services to specific requirements of every individual customer. w x Pine 34 calls this mass customization, which refers to the 'production and distribution of customized goods on a mass basis'. Mass customization requires, w x as Peppers and Rogers 33 point out, a 'one to one organization', whereby a company that practices 1:1 marketing must track customers individually, interact with them and integrate the feedback from each customer into its behavior toward that customer.
Secondly, the rules of competition are dictated by time to market. Time to market refers to the time that elapses from the moment an opportunity or idea develops and the moment a corresponding service or product is available in the marketplace. Time to market also refers to short and reliable delivery lead times, which customers expect. Thirdly, the marketplace forces enterprises to offer their products and services at highly competitive cost levels. These pressures exert contradictory demands to the enterprise as internally they enforce efficiency, planning and stability, while externally they impose responsiveness and flexibility.
Change is also affecting the composition of the competitive arena. Industries used to be in stable competitive settings. Industries were known, and one's position in an industry could be analyzed with respect to existing rivalry, known suppliers and cus- How can organizations cope with these challenges? Obviously, the answer is more in being prepared for change than in trying to predict and adjust to change. Enterprises need flexible, modular business processes that can easily be configured to meet the demands of business, e.g. market requirements and technology changes. When developing applications based on business objects and processes, Ž . it is important to address two factors: a the linking of business objects with legacy information systems Ž . and b requirements for change so that business information systems can evolve over time. Thus, we view change management dealing with these two essential and interrelated aspects. Any new environment must leverage investments in legacy systems; it must also allow its business processes to adapt to changes enforced by new corporate goals or policies.
LeÕeraging legacy assets
In an enterprise framework, there is a pressing demand to integrate Anew generationB business processes with legacy perspectives, processes and applications. Legacy systems are systems that are critical for the day-to-day functioning of an organization, they normally comprise monolithic applications that consist of millions of lines of code in older program-Ž . ming languages e.g. COBOL , are technically obsolete with a poor performance and hard to adapt and w x maintain 5,40 . However, they are valuable assets of an organization that can be leveraged and integrated into next generation business systems. The break-up of monolithic business units and processes from a business perspective requires a restructuring of the 1 w x Refer to Porter's framework 35 of five competitive forces.
applications that support them and, at a minimum, finding a way to integrate them. Additionally, the nature of many of these new processes means that they must be integrated at the transaction level, not just via replication and batch transfers of data.
We can identify various types of legacy systems, ranging from highly decomposable legacy systems to Ž . w x monolithic non-decomposable systems 5,40 . The highly decomposable systems can be decomposed in user interface components, application components and database components. However, it is not likely that most of the legacy systems will meet these requirements. Needs for legacy componentization could be met by either depending upon the business objectives. These may include:
Discarding: This strategy should be followed in case the legacy system has a low business value and a low technical condition, for example, if the legacy system is non-decomposable.
Replacement: Allows the implementation of the whole or parts of the legacy application to be upgraded or replaced at the component level, without having impact on other components.
Enhancement: The function of the legacy applications must be changed to meet new requirements.
Separation of concerns: Separates the service a component provides and determines how to invoke it via its interface.
SelectiÕe integration: Makes it easier to integrate parts of the legacy application into new systems. Reusing the services locked inside the legacy may not require reworking the existing application, just the ability to access it and integrate it into new systems. This option can be used if one wants to use Ž . part of the legacy system in current and future implementations.
The tactics used to leverage existing investments in legacy systems by including them in a new computing environment can be summarized in the following:
Ø Identify the logical content of the existing system in term of its data content and functionality. Ø Restructure the source of the legacy into separate component interfaces and express them as abstract interfaces that exclude implementation details.
( )Ø Publicize the interfaces and direct new applications to access this interface rather than the legacy system.
Object wrappers are a successful technology for combining business objects with legacy systems. Object wrapping is the practice of implementing a software architecture given pre-existing heterogeneous components. It allows mixing legacy systems with newly developed applications by providing access to the legacy systems. The wrapper specifies services that can be invoked on legacy systems by completely hiding implementation details. It provides external applications a clean legacy API that supports a host of abstract services irrespective of the complexity of internal representations of the legacy systems. This legacy API is the software access path to the legacy implementations' supported functions. Wrapping provides an opportunity to include a system's semantic contents and patterns of usage in the public definition of the system. The advantage of this approach is that it promotes conceptual simplicity and language transparency.
This technological advancement can be achieved by harnessing the emerging distributed object management technology and by appropriately compartmentalizing existing software and applications. For example, a simple layer of software mapping the legacy APIs to, for example, CORBA IDL, provides for broader system interoperation and distribution of legacy system services through CORBA. Encapsulation is used to partition and componentize legacy systems. Each component can be objectified separately, and then the system can be re-integrated using object-based messaging. The benefits of this approach are that each component can be reused and system upgrades can happen incrementally. A detailed study of how legacy relational databases can be transformed to semantically equivalent representations accessible via object-oriented interfaces can be w x found in Ref. 30 .
Adaptability of business processes
To remain competitive, organizations must be able to move fast and quickly adapt to change. Moreover, they must be able to reconfigure their key business processes as changing market conditions dictate. Enterprises must respond to new requirements quickly without interrupting the course of business. Such changes must be mapped to the business object level and related to already existing enterprise models. A particularly important objective is the extent to which new business function needs Ž . are reflected in the current and restructured wrapped components. New business requirements might require new processes and workflows to be implemented, but the existing business rules and data in legacy systems may only be partially reusable. Using a purely bottom-up approach is not desirable, although many commercial systems support it, as the danger is that we simply perpetuate legacy ways of working.
In the enterprise framework described in Fig. 1 , we take the classical organizational view that business changes are initiated by changes to business goals. This is in accordance with approaches towards linking the organizational goals to business activities that have been identified in the research literature w x 22,48 . It is only natural to expect that these changes would become AvisibleB at the workflow level. However, it is virtually impossible for workflows to predict in advance all potential exceptions and paths through a business process. Most workflow products require all exceptions to be predicted and built into the process definition. Rather than insisting that all exceptions are predicted in advance, workflow systems must allow users to change the underlying process model dynamically to support a particular case of work. To achieve this degree of business process adaptability, each case of work must be related to a distinct and corresponding process fragment. A critical challenge to building robust business applications is to be able to identify the reusable and Ž . modifiable portions functionality and data of an existing business process or object and combine these w ith A new er generationB business processesrobjects in a piecemeal and consistent manner. These ideas point towards a methodology that facilitates pro-active change management of business objects that can easily be retrofitted to accommodate selective functionality from legacy information systems. We refer to objects exhibiting such characteristics as adaptable business objects. In the following, we summarize the essential features of the Binding Business-Applications to LEgacy Sys-
. tems BALES methodology that concentrates on parameterizing business objects with legacy data and w x functionality 41 . The same methodology can be successfully employed for coping with changes to existing business objects and processes.
Managing changes at the business object leÕel
One important characteristic of business object technology, that also contributes to the critical challenge described above, is the explicit separation of interface and implementation of a class. Business objects technology takes this concept a step further by supporting interface eÕolution in a way that allows the interfaces of classes to evolve without necessarily affecting the clients of the modified class. This is enabled by minimizing the coupling between business components. Client and server classes are not explicitly bound to each other, rather messages are trapped at run-time by a semantic data object that enforces the binding at the level of parameter passw x ing semantics 9 .
The BALES methodology, that is under development, has its main objective to parameterize business objects with legacy objects. Legacy objects serve as Ž . conceptual repositories of extracted wrapped legacy data and functionality. These objects, just like business objects, are described by means of their interfaces rather then their implementation. A newer generation business object interface can be constructed by selecting a chunk of an existing business, or legacy, object interface. This partition comprises a set of appropriate attribute and method signatures. All remaining interface declarations are masked off from the business object interface specification. In this way, business objects in the BALES methodology are configured so that part of their specification is supplied by data and services found in already existing business or legacy objects. This means that business object interfaces are parameterizable to allow these objects to evolve by accommodating upgrades or adjustments in their structure and behavior.
The core of the BALES-methodology comprises Ž . the three phases see Fig. 2 : forward engineering, reÕerse engineering and meta-model linking. To illustrate the BALES mapping methodology, a simplified example is drawn from the domain of mainte-Ž . nance and overhaul of aircrafts see Fig. 2 . The upper part of this figure illustrates the results of the forward engineering of the business domain in terms of workflows, business processes and business objects. As can be seen from this figure, the enterprise ) model is enacted by a Request-Part workflow, which comprises three business processes: Request, Prognosis and Issue. The Request-Part workflow is initiated by a maintenance engineer who requests parts Ž . for maintaining aircrafts from a warehouse. The Request process registers the maintenance engineer's request in an order list. This list can be used to check availability and plan dispatch of a specific aircraft part from the warehouse. The Request process uses Ž . the business entity objects Part and Warehouse for this purpose. Subsequently, the workflow initiates Ž . the Issue process see Fig. 2 . The Issue process registers administrative results regarding the dispatching of requested part and updates the part inventory record by means of the Part-Stock business object. The Prognosis process uses information from the Part and Warehouse business objects to run a prognosis on the basis of the availability and consumption history of the requested part.
The lower part of Fig. 2 represents the result of the reverse engineering activity in the form of two Ž processes wrapped applications and related . databases , Material Requirements Planning and --Purchase Requisition. These processes make use of -five legacy objects to perform their operations. Fig. 2 also indicates that the enterprise workflow draws not only on AmodernB business objects and processes, Ž . but it also leans on already existing legacy data and functionality to accomplish its objectives. For example, business processes such as Request and Issue, on the enterprise model level, are linked to the legacy processes Material Requirements Planning and Pur---chase Requisition by means of solid lines. This -signifies the fact that the processes on the business level reuse the functionality of the processes at the legacy model level. In this simplified example, we assume that problems such as conflicting naming conventions and semantic mismatches between the enterprise and legacy models have been resolved. A w x solution to this problem can be found in Ref. 29 .
To formally describe the interfaces of business and legacy objects, we use a variant of the Compo-Ž . nent Definition Language CDL that has been dew x veloped by the OMG 7 . CDL is declarative specifi-Ž . cation language a superset of OMG IDL that is used to describe composite behavior of communities of related business objects. A specification in CDL defines business object interfaces, structural relationships between business objects, collective behavior of communities of business objects and temporal w x dependencies 7 . An object defined using CDL can Ž . be implemented using any legacy programming language as long as there exists a CDL mapping for that language.
The forward engineering phase defines a conceptual enterprise model into CDL and transforms this CDL definition to a Meta-CDL Enterprise Model. This meta-model serves later as a basis for comparison between business and legacy enterprise models. During the reverse-engineering phase, legacy object and process interfaces are again represented in terms of CDL and are used to instantiate a Meta-CDL Legacy Model. The Meta-CDL descriptions of both the forward-and backward-engineered models are then compared to each other in order to ascertain which parts of the legacy object interfaces can be reused within new applications. To achieve this, we represent and store both business and legacy Meta-CDL specifications in a repository system. During the meta-model linking phase, queries are used to infer potential legacy components that may be linked to business components. For instance, we can identify business object attributes andror operations that can be constructed out of legacy object attributes andror operations. To ensure type safety on method arguments and method results, we require the use of Ž . argument contraÕariance expansion and result co-Ž . Õariance restriction .
The BALES methodology can also be used to w x combine standard ERP packages like SAP Rr3 6 w x or San Francisco 1 with legacy and other business objects. ERP objects can also be defined in CDL. A detailed description of this methodology can be found w x in Ref. 41 .
The role of the infrastructure
IT and business developments have influenced the IT management practices. Throughout the computer age, businesses developed IT management practices based on centralization. For the first 30 years, the emphasis was on technology management, and the major challenges focused on getting the technology to work reliably and as efficiently as possible. As a consequence, information technology developed and ( )was managed as a centralized resource in most companies. In the 1970's and 1980's, most businesses had adopted centralized, bureaucratic, strict functional structures with little or no needs for lateral communication between functions. This organization structure became the logical basis for many information systems. Functional departments developed Astove pipeB-like information systems, which did not allow any exchange of data between them, leading to an Aisland perspectiveB.
More recently, personal computers began to focus attention on the users, and on the spread of decentralizing technologies. The 1980's produced new technologies for the end user, and the 1990's confirmed trends to end user computing, with communication emerging as a critical technology to disperse information throughout the enterprise. Local networks, enterprise networks and nationwide networks serve to make it easier to move information around within and among enterprises and their components. A primary reason for the dispersion of information technology throughout the enterprise is cost. The history of information technology is characterized by constant reductions per unit price and substantial increases in capabilities. A second more important reason for the strength of IT's dispersion into the enterprise is the business requirement for IT-enabled w x solutions to competitive and marketing pressures 4 .
Also, business conditions changed. Market and customer demands for flexibility, responsiveness, quality, time-cycle reduction, and cost reductions have produced a considerable range of enterprise responses. Many of them have taken the form of business innovations described with terms like business process focus, lateral organization, networked organizations etc. These typical enterprise responses have the general effect of breaking down the hierarchical organization in fundamental ways. Enterprises move to a larger number of smaller business units or legally independent businesses, unconnected to the traditional hierarchy. Changing the organization from the traditional structure to a more responsive lateral, process oriented structure was in most companies severely hampered by the existing information systems architecture based on functional AislandsB.
In the late 1980's, the alignmentrimpact model was developed, which described the relationships w x between the business organization and IT 31 . This model acknowledged that business strategies could be supported or even be changed by applying IT in line with market demands on the business. Because different lines of business within a company operate in different markets with different requirements, this notion has lead to a widespread decentralization of IT management to lines of business. Information technology and business organizations had characteristics leading to a widespread proliferation of different IT solutions throughout the company.
In the second half of the 1990's, an increased emphasis on the customer instead of on the product, confronted many organizations with fact that information systems across lines of business were not compatible. For example, insurance companies selling different services or products to the same customer were not able to get an overall view of the relationship of that customer with the company. The problems of lack of connectivity and compatibility became even more apparent when independent companies began to cooperate on a more permanent basis and the need for external integration came up.
The organizations of today are confronted with the problem on how to strike a balance between local needs for different systems and overall needs for connectivity and share-ability of data and applications. Extreme decentralization of application of IT will hamper business developments towards process oriented and flexible network structures. Attempts to centralize development of IT in Aone fits allB type of applications will be costly to develop and will result in systems which will not support individual business requirements. The solution to this problem is currently sought in a distinction between local information systems and information infrastructure.
Information infrastructure describes the basic information systems elements intended to be common. Infrastructure is intended to support common needs and not individual needs; infrastructure is intended to be a relatively stable provision. Traditionally, infrastructure is related to hardware, physical networks, data base management systems etc. We propose a broader view. We define information infrastructure as relatively permanent, and commonly available IT resources and arrangements. This definition covers Ž . different types of information infrastructures: 1 Ž . common hardware, physical networks, e.g. the organization uses one type of servers, PCs and network
.Ž. the traditional view ; 2 common information, data and data definitions; examples are data about cus-Ž . tomers, products like product definitions , resources Ž . etc; 3 common applications and application compo-Ž nents, not only standard software packages like SAP or MS office, when used as the application in the . company but also application components or objects. Commonly available standard software components are infrastructural resources, which can be used Ž . by decentrally operating development teams; and 4 common organizational arrangements and procedures, for example, security and log in procedures.
There is no such thing as one common infrastructure. Infrastructures offer solutions for connectivity and commonality of systems. Industry-wide and company wide infrastructure support connectivity and commonality on a company and industry level. As not all information and communication demands need to be solved on a company or industry level, there may be infrastructures different organizational levels.
For example, what is available as a departmental infrastructure is not necessarily infrastructure for another department. What is infrastructure for one business unit, may not be infrastructure for another. EDIFACT is more or less the generally accepted EDI message standard for Europe, and as such a European IT infrastructure element; it is not for the US, where ANSI is the accepted standard. In other words, infrastructure is a layered concept: there are different layers of infrastructures. For example, the higher-most layer in the integrated value chain could be collaborating industry networks. The lower most could be an intra-company enforced for EDI applications.
Dependent on the layer, different stakeholders, with diverging objectives, are involved in the planning and implementation of IT infrastructures. Infrastructures require negotiation, coordination and commitment. Also, the benefits of infrastructures are not immediately clear; they are dependent on the use, which is made of it. Infrastructure projects are, almost by definition, difficult not necessarily from a technical point of view, but from an organizational point of view and for that reason costly. The higher the layer, the more difficult and costly the infrastructure is to build. For this reason, it would be wrong to assume that the infrastructure approach will result in AheavyB centralized systems.
Infrastructures can be classified by the concepts w x of Reach and Range 18,44 . Reach refers to the Ž . locations and the number of people the infrastructure is capable of connecting. Reach can extend from a departmental layer, to the business unit layer, to the enterprise layer and even to national and international layers. Range refers to functionality in terms of business activities that can be completed and shared. Range can extend from simply sending messages and receiving messages, to accessing stored information, to ultimately executing complex transw x actions 44 . Every information infrastructure is a combination of a specific reach and range.
New business models, based on cross-enterprise Ž . and cross-functional interoperability, depend highly on the availability of infrastructures. New business models and cross-enterprise interoperability, thus, can be differentiated depending on the concept of Reach and Range. Implementing right combinations of reach and range is crucial for different types of intra-and inter-company cooperation. For example, an electronic commerce application supporting simple transactions and exchanges of data may be realized on a global scale. But to what extent is this possible for an integrated value system comprising complex supply chains and manufacturing processes? Is an Integrated Enterprise Framework applicable on a global scale? From systems theory, it is known that increased coordination requirements go w x together with an exponential cost curve 10 . Agreements on complex functionality with many participants seem very difficult and costly to accomplish. Obviously, different types of 'doable' infrastructures emerge. Simple electronic commerce transactions can be supported by low range and high reach type of infrastructures; complex value system integration seems doable on a more restricted scale and thus by high range, low reach type of infrastructures. Typically, these types of infrastructures will be found between companies that are each others major business partners.
Summary
Enterprise computing is about consolidating and harmonizing the many islands of disparate business processes and information systems scattered throughout an organization and its partner enterprises into a ( )unified whole. Nowadays, company value chains are transformed to integrated value chains if they are designed to act as an Aextended enterpriseB, creating and enhancing customer-perceived value by means of cross-enterprise collaboration. Companies thus face a variety of changes ranging from streamlining business processes to enabling outward facing information systems.
In the previous discussion, we have given a detailed account of the business and technology considerations, as well as infrastructural support, that are required to enable the transition of organizations from relative independence and functionally oriented business thinking to integrated value chains. We argued that the combination of new business models with controlled cross-enterprise interoperability and change management are the driving forces that will eventually transform relatively independent organizations into cooperating enterprises. We also illustrated how adaptive business objects and processes are the key components of these enabling technologies.
